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i.. Ful3.«Wa;ve 
'With m e«pa®lttf«-Isput riltrnwm '* •, ' 1 
B* Beirie* ©f'Mt«.rttsir® « .• , «' «. S 
11. WM sTiAPY-sTiTi opmpmmm eAi.cwi.is • , , « 
i«- fli« &aii#f©f«# * , . , * , # 
B* CliNcult fbeorema « • « , # * 11 
in* f«I-SOLTTTICB E'^ UITAtliTrF Cl'^ OTSV • • 14^ 
» • m • » • • 1 i4» 
rnmtml Cas# , » , 
•C* Sj^®jt8l tJftS®# mm • • # # « 2© 
IIP* mi oMijcMisfies cF Tm im*itmm eiiaoif • ss 
i. -fii® lagles,'/aad/5' ^ ES 
I.- iwrag# Ontfttt ?0lt«g«» • , , ,. S6 
••0,, tipplji- feltai®. , » -88 
p. mm Bife# Cwjp«t .«at Toltage . » , Sg 
T* ixpiiiiMfii. WOT s® 
A» ^wllmiaayy Experlaents • • • • 3S 
B» Mea»ur«w9ttt cmP tfe« Filter lEdttetear^ * ^ 
©,. • ^ tte® fllt©r C9n|«tts#y« • ' M 
ID# ' l»asiar0^-at ef t^ii fab« ie«i#taa#t* " • 4§' 
UmMmwrnttm M -omrnt F«®tor»*- . • • 4f 
r^oj-o 
T K G 5 G 3  
\i\' \ 31 s 
P«.g» 
f««t# • • . • • » • SI 
§. • l#iu'»t8 tm tm MvmT'mm-
• !• -ftee B«sults fm- tke Pmr 0®mt tlpplt' • • "Wf 
W. 1S8 0? CtlAi^AGTS^^lSTlCB W 1^SI« • . . * • ®1 
?ii. msmssim -• .. • • . • • , m 
TOl. SIMM* 
tx* MlMQ*fSB BlfHWUiS St 
1# AeiiOfU»®!»WTS» fl 
XI. vm*.• • . . . . •ft 
ni* mmmn i-wcwi^ufwi # « • . - • • fs 
Hit. mwm^M GW t»« eiwyif to 
fSl ftlTOlil, ciss ' .. , • f© 
Mm ItmatlOB® 0f t%m • 0t-r«u4t#. 
1. fh« Il#t iqttftttsas • * • • « . •« @t 
fit# ,S0l«tiaft ©f tfe# Ifttatioaa • * ®i 
!!• til® tfetfeM ©f ©0Jspmt%tliis • ta 
S. »i! Mmwm» Outpat foltaf#- • • • ff 
?• l*«f €«»*/• lifpl# Yelta®! . • * • f® 
S. fht P«A mil# mpwm% * .... M3. 
1IT» AP^SIBIX e*fSi- snCM. .c.i« » ^ lit 
A. 'fti® S-oltttiQn of Hi# 0ir«olt lqtt»tl©»i • 10t 
B«' fk® Calaal'Sttom &f- %m diafa t^cfisti## » l#i 
rr. APFSKOIX D^®!! S«*Gt?S-OfF CJSl • • . . • im 
•A* , ef ttoe SStt^ ^ary . l#f 
S. !&» ©«1.0wi»tl©ft er .» Mi 
1 
I. isfioiwefiw 
4# fiili-tav# SeeMfi#r Sli-e-ait with m 
filter 
mmm atoQttt IftS mst raii© hav® tate»a mil 
#f mt pw#f a«#i®t 't© ©f#rat« tli®* fy©m -alt'eraatiat v©ltaf« 
mmrmm* hmmtsm -of tli@ twfees aim toj mltrnw* 
aattBi ir#lta«« €©•« thmn^ m fr«m«f®ri«wr t® -tte® 
mmwewml ••©Itages 'tfe® l^at®s ef tli# ©a th-« 
©tlier te-aai, « -ttreet &f tfc# sf tmm 
m iitiaii'tt wits «mA mm mmppllm& hf m ttmvtQmmw, 
rm®%lil9rf aai tl® altsrastiag 
iroltsi*-., it ts falsattan 
aai tteea f it tm ^woAmm 
BartsS' i0»a tbl# %fp# sf &lw-mt»mTwm% • 
psii«r sttffIf &.»» !#©» sta»i«3rt ta ala@»t #*©ry 4«irts« «»plsy-
tag «l#©tro»l@ tmhmm s»A efermtiof ff©a 
«©«•©«#» mam 4eTic«s m%gm to® 
,©ii#lll.at-©r#, mMvisim 
AwS. iraAar 
®i«y© mm mmy ©f thm aa4 
ttat mm m8«4 la tkmm ^at fSfalar 
mm p^#btttof t» tfeat &f tm 
« 
a e#a4«as«ir-iBpi,t filter oirtait* ftols tff# -©f 
evolwA ^rntm fvm the typ# of 
ia t®l®ffe©ay rnrnkm- it first :it was to' mm 
%m mttmmrnttm tmmxxlm® tm m filter 
to t®«iga tto« ,i«&®tliBg filtiy it®«®««itry fme •« gii»a «#aat 
»f pulsatiem m riffl® T©lt«g« at th® pmmr*m^pXf lOat. 
It **« -wiiry ts.i®M.y moti©®4., hommmWf that tit® fllt®r l«d 
a p3f©fo«i imflmmm m tm .^&pBTrnttm @f Wtm «&& 
thm tw@ ®@«li »ot with i®y ®f fe® «SKMi®.i'«t 
mprnvt^Xf* 
fkis mmlizrntlm i«4 to mmtfmm ®f tl® slrtttlt iibi^  
&tmm$%»& t® tr#«t Wkm ©lr«tttt net ««• a filter -pro^l,®®,. hut 
mm a •etr®«lt .pr#tel®a *©ttfi«A' toy tfe® ^® ttttee®* 
WmcM Qt thm ilffi««lty ®a®@-tiat«r«.t im mmlyzMg 'tfe® -©Sreait 
«t®Ks frett--|&« tt»-liii««ri.ty at tli® t«l« ©hara@t®ri.»tt®#« 
Mm. *«tto^@i ©f mmmmim ttia tiffi^ olty mnt .fcas »t eon- ' 
si.i®a%l.® «tt©©@8« ia pra@tt®«i- «ffil®«tl«s.s' »f r®®ttft#r 
©irsalt® is flat ©f treating tks tube-volti '^-irsp, @to«ra®t«r« 
Istl® mm »at« @f t*© strat^ t li»®®* An©^«r ftifflenity 
is m»t,©f ftaiittg %« 8t®«ty»st«t® ssltttl#® ®f t&« frsWwa 
wimmt tk« lis® Qf wm^km mrrnm, 8ta®« t® mppmxim&tm tit® 
typ® of «ttrj»Bt Xm tfe® tw  ^ r®fttir«» t©© 
mmw t«m« ta tk® fialt® F» t^®r ®«n®»# i mm #t«aiy-®tate 
®f®r®ti@siii ®tt2..«ii|.m* was 4®v®l0p®A t® s^flat® tfci® ttffiealty 
®i^,wtts f®as€ t© fe® B#t ©Bly im. re«t4fi®r ®tretttt 
s 
staaifts Im all lii*0lfis® r®f«#t#4 
pnl&ma mmwm frnemm 
All ©f thm mmlfmm m&m »m fay mm ll»itet im tMtT 
t@ #ir©oit t®stga ly tto fwt that-
basl# asswfti©!!# sttftt m.r® s®. »ir«re that tfc« a»ttl|'#®s af# 
maefml osly ia^ m :«ftll mm® mmsm tte ^«»mlt.s 
0f m® as«ly««s «r« tt8®fal #aly tm oa« Tslffle ©f a pi^ Mittsi' 
sa®» m mm freqwinef# An .«malir»t,» &t tb« ^.©tifiar mimvd t 
tm ttte€«4 tHat *111 Itberaltm© ttoa asaiwptiffli# 
siiffl@l«»tlf fis. tkat tin op«rati®m #«a i>« pr®aem't®4 
©ver tl» m&lrn raaf® ®f ®lremit paifi«t®r« isTOlwA ttat 
is «sa®t se mat tiia f^salts mf he im 4eaS  ^
.©t tfe# It is tfea part©,®# tMia iawstigatliai 
te fr#s«t ameM aa -aaalfaia almg wttb tta i^ aolt#* 
Mm . lairtaii ©f Mtaratttiwi' 
la ItSl.,- l&aa%®r©fwfi. tn® atraigtot liaas t© jafrasast 
•tla tut# a&sraatej'tati® •sat affliaS a of 
apfr®xlmatl©Bs t# a famflaf «ei?i«s t© e^tatm t&a ©atra»t waw 
fefaa ®f tta luli-«af« sisgla-flaaa raatiftar 
a aiapla ia€»s:ti*e. filter. »e Ataaiaaaet ttea appliaatlm ®f 
mia Millet t» a «®Maaa«r-'ti®i^ iit filtay atsrattit tomt tii, a©t • 
aatttallf t^taa It. taa®' tm ItSi h©* balf-«av« 
mmntt aamli %a a©li^ t appi^ xiMitaly wttii-
4 
tm mtmf mrnt tlmm s@ traa#f©!rffl«p, 
m tmiafttw mltrnm itof m& ttoat ttai ftltm tm€mtmmm 
wm» l«f , me fmm fera»a® i»4® mm 
iBt® mm&mmM turn 
.ttiA ffa® ttos m-owAmmmiv 
f^ii of thm :i#pil«4 irolta«« *»*» 
thm tm&mtmm mmm tafiait®, Wmx fm tixmt %im 
mmmm -witatei® tm Mm%m w«i* 
'a#8«i#tioa tM% ©osi®m^»®'r ®M#.@iMi ta«--tiai« 
tmmmmlw tm f&m ISglit l®aie» ft®®-
wia^ Is ifS4, ^li® a si^aimat® statomt inter mat® 
®& mmmwMm t^at a ®@ii®%amt ' 
reststaa®® *t3.® ©©attt.tttag. aat flltap iaitt®tas@« mmm 
taflmtteiy rasult® mmm pf®®«^ ta m® twm 
©f mm •altl aaf©^t*mat®|y «»|.y far- mm 
fmtmmw wM, mmmm4. a aairi-w t-aoie m 
fb® jr«»«lts ®f ttia t&®®|® mp-pmmm§. la *«® ©tier WfflrS* tef 
2.6., 
m 
Im a»e«f turn -pe-mti of mmmmivm- mm^^-sAmtimm 
t© s»rt@® t# m&lm mm mal^ t&® asa»®tlsa 
tkmt tfc® t»l® liai mm wtea 
mmmp%m mmm gtwa wttt e|r«ait vain®® «ii«®tfl®A ®&A wlifc ^ 
®S.r©tttt »«*® f®'ais ®]tef».» »© ^ara«t®rl«tt « ©wrv®® » 
4a«iga tofeiwatlw «•» fr®8®a*®€« latwii* ia wm 
§ 
tliit tfe# tapmt mpmitmm iflftaitely larg© aa4 prastatM 
c^sraet#rlttl€} mrwm takiag i»t5 aoeoujit tie effect of twto® 
reslstaaee aad tranifomer Ftslstaaee and reaetaa©©, fki® 
anelysls feafs good results at light loads, bu.t tte r#s«lts 
.progressiTely bee uf moTse as ©.e load la-creas«d. Ia 194S 
ffltelitll® ffiad# an aaalysis asBttalcg tfett the traasforser r@-
aetano® mm negiigl'blSj the tub® ijat a oeastmit rcsistan.®® 
uhlle eoaiuctiiig» that tfe© filter iiiamtmm -was iaflBltsly 
Isrge, mA tliet fte om&^nmr efearget linearIjr. Agsm tttis 
analysis to give good results 'nt light loads out not g#: 
gooa at }ieafter ones* 
7 1 
• 111 of tbe anfiljses e>[0epted tiiose of st®ut arid Treemm 
in¥9lTtd msm,mptimm that Isetaia© Itss Titlli %s tMe load be­
came fc,easier, Qftlj the eaalysis of Stomt^ eottiA b® tts«t for 
finite filter Imt the ii©eesslty for Ijoelmlr 
so munf teim® 1h t&e F-oaifle.r series pfotoably is tb© m-mmm 
mhf it ten list It Is apparent tiiat am malysls Is 
ii®e€€€ th!>^'t .»ill be usabl© from open-circuit t& stort-fJireult, 
tliat will d:®sorlfe« the aetioa. sf the elroait b11 of tb® *ay 
froii large filter liiaiictaB.ees to oats so small that tM® 
pteeaomenon of filter reseaanee appeara, &n4. tliat will giv® 
®toJ7act®ristl<e -©wves t&at m»-f %m tt«#€ ia the ©f 
rectifier m& fllttr oir©ait»» 
s 
11. m mmgfimAL mtumm 
M* mm f5raa»f©»« 
OMgi»«llf it w»s 4##ti®4 t® try to 8©lf@ t&« ©ijuitalemt 
©IfSttit by tte« as# #f ttffer®iiti«i ^tattisos, IMl# tfe^of^ti-
•eally f^asltolt, tlii«. aettoei., ia frsttl##., ©ntailet mm mmf 
p«3rtleml«ly "lbit fa mt&mlktm tfee arMtraspf 
e©a#taat®, tkmt tt was ateamisa##. aiiwlr 4e'rel©i}#i ®t#a4y-
#tate ©p#i'atl»al m» mmt %mmnm 
tliife UTOli "b® •no arto4t»ry ®#»#taatai t® e-falmat® anA tb®3P« • 
womM no tiraiiiiitmt tsrwi «.i»i tip witt t&#,€«»lr®4 #t®a4r* 
state solution# , 
Sine© this.eslsmlas la® R©t,fe@«n «ppli«4 ts aaj'ette©®'.' 
pr®fel.« m P't, tm ptimelflos .tswlT«d »ill b® revi®wet» %# 
®«at3ral itea #f .%is tpwretieami %& thm trmBf&m* 
A^toslly ther® ar® tw# tffaasf©»», a tlf"e«t m. tfaa®-
tmm* Ttoie dimQt .Ofe-i?®t«« ©a. aay tti^. mm 
•as.a TOltm^- &v '®urmm* mm& tfe# 
itxprtsiKit in. tl® i>p#F«tiiwi«l. t&wm* tkm isv%^m m* 
ire3p«f|i» %1» pif©ii.®ttj0r® la tbat It. op«.jrate» ®b asy opwati©®^ 
f®m as a transfoiwA *®ltag« ©r pre€a«i» 
orlgiaal tia» fuaotioa Is tii-« a«taaJ. ¥©ltiif« m 
IBh® '»lsp.lest mf tkm. ®f applylag. ^ ia ealemitts t© a 
f 
is t© mt&SM %km tmmfmm ef tii« mlt&m 
mA 4tirM« mttrnm W op#Tatlwal 
tap»i«a©«: ©•? tit tm %mmmt of t3?«8f©fsi»t 
tivilni i$f tim i» ffc# 
»« anir fe® 
u^m If taver®®' ts 
m ti* lsiMiati«lly m^mm im m ©f 
ffe# «•€ . til %# pr«»«at #«.««'• 
»» ttf##*. im 
mm tlae tm&tim *©• 1»« ti'a.Bsfomei f{t) ^as mm feri&i 
f aaA f i® a eeapl#* • ai*te#*, fli# trnmttm f|tj i» SkS««®g€ 
t© he t© 'Mm at mest « ftslt® mmihmw df 
i-s.tatalas m Wimf «3E|?lia«:tlsa &t eaei 
ttseA itt mmmiMm 
••fh« tawr«« ttass-fejtt is 
F|p| i® th® ^ Mi W 1« fist 
p«tfc @f mm -skmm ta fig-.. 1,» tfe« pa^ 
W mm twrn parts, % im mm 
itr«#ti»a:S fey th« «rriir#« » smst Umimim 
T 
m 
m 
« 
Wg V 
i  3 c O |  
t i  2 c o ,  
i wi 
0 
0 - J C O ,  
Y j 2 00| 
0 - i  
A W, 
j 3 c o i  
K«« i, IBM) of xatacnuea fot 
»iw3p«t 
t 
nit&la it Wkm. folats- Mir/f mhme a 1« a ,p©8i'ttir« m 
Mt«g®r'Or aero, f^: f-am Wg t& ls« «-s«i.lat#r i« 
tk#! as. .®Ee«pt is reTer#«t.i fftt 
t»&- spi^tis s #aft iBii@mt« tto# tir®@t twwmmtmm mm %« 
i a w f s #  TM tumtlm f t f )  i «  
to be a fuaotioa mmlfilm m'mtfwhmwm ia tfc® ftait# 
part ©f e©Tpl« pla»e f» « ftmMm a«itoef mt pole® 
mm siagttlariti®# im *a®k fiait# pa3?t ef *&.# plmmt-
function F{p) atitt m% h&m mf «#s#stial. siaptlariti*# 
&s. bt^mU poiat» la tm fiait# paft of plam## 'tbi* 
a»»iiaption is g«a«rai ©iiwgfe 8® tliat it will ia#l^« all. mms 
®a@®«nter«4 i» At hi®A* All &t 
pol#a of F|p) mwit li# te t&# l«ft ©f 1^# 
Tbt Sirett tpnasfofs nar mmlmtmSk fm m giir#a tiat 
fsa«ti®ft If tmrntim f a« a -©©rngtaat maiag .mm mttmitf 
tmhlm ©f tntegemM* fit #t«1w tim of- immm tr«a«fei« 
yettti»s laowl«ige of t&# ti«©rf &f t«»ite«#* 
m womim mmm m m -mm twmtim «y ©fetaii^t, mt mlf 
tfe«. «» fuaetioa *«# i##i»#t f©* tm« py®%ljt« «t »# ©aly 
^i# iiith.oft-©f tiralttiitiss will to® tis@ii«8®€* 
tfasttfom fram {2} mmy ea^3r««»et «». tw© separate integrals: 
1# 
fb® path ®f lm^.g3Pati@a Wj^ ©f tM# fixmt iatsgptil. ©f .{SJ in 
Ife® sipii a« that ©f tfe« lair®r«® &f tk« er®.Bafy 
©ftlemlW' a&ft »f %m in sim mmmw* 
Uttts 
iik«i.0-c f ^  f, 
J^ /"Y_^ r^-'^ P = s''^ F(p)'^ p ) (Si 
•iteieli say to© #f'®l.®iit©i toy- mlmMtim *'&® *#«iia«« at -all 
%© t&« #f W-^m ^ mmmi. iat«^tl ©# It} my i^-
®*»lwttt«4 fef mm%mm%m%img tfti« «* t&« f ©iiri t& tl» 
3,«#t ©f ig, 
ae iii¥#ys« tyaagftm i# aaifw, it .feas ®s# a^ 
m%j mm for « itf«B iralai WT ift®i?®as m« 4laf#et • 
is ©ot mi%mm 'W&mm la sfti mlmm t%» Aitmt 
u 
tTrnmtmm that ts mmS. th&t t& tjraasfsr® 
f|p| wh-4e& las a© f.sl®# isfti&er® ia fe,# fiait® pmwt &f thm 
e.i»fl®x plas#. It Is rnlm tie- tipam8r»'a'©litaia®4 •«lii«ys freii 
(IJ mwOi Bill mmmfmth M-'Smilet-tk« priaiti*#'«'ij?-e.el trama-
tmm* Bi&m m« .4ir#«ttP:Miiif©»ai ia mot uBiqaeiy 
it f©ll®w» th&%. mmt&M -of p mmrn smfestitmt^i ia 
tte ijmmme &m 
mmm si^l# mm&mrnm axi^-mmmsmw tMs' *«t&M 
mf M 8tfll«a to tfe® -selwttsa ©f st««i3r-*tat# @is«ait 
"Ifeit#'ior*! 
' *  " iCt)-5-'[^(Fjl W=s-'[r(r)], 
«« F(r)= t-
/ f = /  
tteB 
mi« mmmmm mmf m ia«^tM it WM ast ) at® priaitit® 
tfaiisriaras-# 
S. It fCo)+J' f(i)a/t and g(t) 
It 
m &  f f t )  1 «  © o a t i a i i Q t t s ,  
5[f(^)]=^~-0-€ ^^)f(<^) + p5jf(i:)]. 
BstM tte# se®©iit m& tM.i^ tfe®o»6a» a«y lie applied as aaay 
t t » « »  mm- im meomsmmm* i a l t t a l  © s u t t t l i ® *  g t O |  f f O J  
ta mlmttm maiag 4Sff®2e#ii*lal m^mmMrnrnm Ifew %#«« 
taitial #eaaittm8 &m tts©t ia a ©iapiwtt solmttaa liy iwaas 
©f tbit st»iifiy-8ta*« ®p®rmti®aal #«l.@ulms^ ttoey will aiway* 
It® iiultipli^ toy a of f mkMlk w'ltoi la 
mm tmm-Tm trmmmtrnm i« mm-m tto@ laitlai ®®iitl%i©a» 
always -tt«app#a,if Im tm ftaal aai,» im ttois 
iatismt®.® %»t tfe# .»ee©i»i aad 
««! 
ia th# tMmmms mrr&^mA t© tMm mrbitfrnf -ematmrnts 
^(t)= f /(y ^  ^  
til 
1^1 
(8) f 
•««®a»i»ia«® 8f |t|t pas .»rf^yVf%|t.g{%|% it 
^1' 
«®i|l «-«»itfi«ftao0 sf {fjt ji *i 
i®5s ii«®% •ii#|fa%® 
af ^i^a©j w#<i «A8H 9Sii«Q#ii em 
H m }  
It |»a»#%'af »i% vm ^ M w 
m% ai %«S% mmm. s|ii% itiisi%Ba®8t 
SI 
m jcsf 
fs^ . 
o 
O 
t -» 1"^ 
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•-
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If 
lt» i# a© • ©irftfimp et p«ri..@t» 
ef thm ^"mm-rn 
IRj® most s«-ri©«s ©f tte«s« assa^tisas aif« ^©«« 
nMmv 1, 3, aai 4,. «Bi tto«. •»»« fey 
tisas «ill !» «6st ©mwmm ' isag a« two 
@©®iitioas mm iir# t^t 1®«(I mmimtm' 
tm &mm^w tto of tkm- i»i8l.9t®a®« 
©f Mm tealf" "tti® smwm$.mf wlatlag ttei 
ir@»istAa®« of %m%9 i^«a mw^mMm9 
sf t&« iaia#t#y| «at m&t ti® t«te« .«ai a»€ r«« 
«t»%aB©® «M mm Imm ttas thm mmmtamm ®f ti» 
fi^st e#at#s»®f+ tfc«a ^««« @©^itt©a» sst falfill#4,. 
ii«©?®fsa#ie» Aemlt appftar «3iperla«»tal r««olt» 
nai til# ssf this aa&lysi®. fm ^wwmm iby 
mmm assimptioss ®« fee t@ mm toy 
©oi^r^^ttsss *111 m im^etiwe# lat#!-,' la mm%-
mill toil fmiTtf mmlX, 
»•: ffet S®*«3f«3. Cft»® 
if mm mm of Ift® asinmptliaas tw© 
#i3p©*iit« 'm&y %m mt a®- la WiM* 
fig. SC«t) gi.'vmm tm •tmiiral»st &tweui% tm p«£J©t 4mt.m 
mmm tto trnm i« ©o^«®tti^.., wMlm Fl#* Sfb) steii* ^  , 
It 
CM 
O 
CM 
cr 
O 
t 
cT 
<i> 
f—vWW— 
yj «ii (m fmtet 
ti ©osduetiag, (fe) Tab« not eon-
<D 
If 
©Irottlt t© sftlf tmafteg tie periet sf at ©©a-
a® «taiitl&as. fm tm emrf®mt8 sad foltagfts la 
tlt« eiMttlts wem s#t wf amt m%ve€ hf tfas ms» of 
tl© st««4f-statt aoeratieaal ©alsaltts* fhis is ©atllntd 
la ippimiitx a, & mthm f&r ttie mmfutmttm Qt the mu* 
•&mt±m angle -y ©f en# tmle is p?es@Bt«d, aad aetusl 
i?««-»lts Qt tbt oeaptttati'Oa f©? the poiat a - §•© «4 
1 - 1»© ar®: ills© fy@seiit#i« fh« »olmtioa giv#B. la Appaadtx 
1 sfe©*® thmt tMe tuM aagl# shIf th® t»© Indepeaa-
eat Tsjpia l^es, A t»i fe *M®r@ a Is tlie 
rati© of tbe r«.aetaii@« ©f the filter iatoetoi? to t%m mmt-
ajss# of om flltei' sat h is tbe ratio of the 
load fasistaa®® ts tM reactaaee ©f ooe filter eoadaaser. 
It is #tow faaftkessore tliat Mai«r tl© assmptioas mad® @11 
©f tte eltoraettriatlos of tiil« reetifl®r etroiait dspead m 
tltest two variables aleae. 
It wms fO'sni tfeat fer ¥altt«s of & and of h mmmhat 
greater %hm t%m grmt^ T amuTmy «as required tban 
t^-at afferdtt fey Wm mm of tM slit® rule.# Tais muM 
hmrm aeaat ttot a prsklMtlvely large «9mt sf tiw *otiM 
hav® beea eoasmed ia OAloulatiag e.a©fe folat,. »t« ralttes 
of A of b *is#t w%m fer mmm eoafimed to av® 
aflit %el@w mxm-pt fer the "bom&mTf polmt® mhem ©itMer m 
'both 8 m& ^  are mmmmmM. imfiiiit»lf large^» Filter reao.oaae® 
m 
mmmm t© ©eeax at a = for at tfeat val«e of a tbe saa of 
tifee r#aetanc«« of th® two filter conrttasei-s aii€ of tm-
imtsr is 2»r©^* fbest reaetaae©® sfesuld toe eal©ute te€ i».®iag 
tie fUHda»at«l rifpie frt^ oeaey wMe  ^ Is twtee tMe «pply fr#-
qmwL^f-0- *bil« tli« ®al©iilstio» of s«¥#ral polats was att©i®>t®-4 
for « 2 0,S, ao esMplete soiuti'sa wa® ©btaioti breams® a© vaiw® 
of 'y e©ttl4 b© foani that wouM /S ^  
CB-S@) «a€ iB^mU *bej« {B*»| asi CB-SOl laiieat® ^qmttms 
(SS.) aad CSQJ iR Appeailx 1. It asy be that t&® cssi'i'ett iftl'ue 
©f y b®s litea oferloskeft^ -or mhrnt is moi'e li'te®ly» tMat tft© 
solmtioa BO laager feolis tm Temnmmm, fl© eal©ttfe tien ©f 
oae point, t&at 'Of a » ©•S6» to « l.*0, has,, bawever,. been ecw-
pleted, sbo-wing that a aol^ Jtiom is. 0totaia«ial« top aaall^ r values 
©f a» Sln@e a© soiatioa lias been obtained for a » 0*§ and 
siae® tb.e proljlems of praetisal lmpo..rtaii®® at prestnt hme a 
mlmmym grsaiter tbaa tie lowest fain© of a «s#4 ia th^ 
analy»l.s wmm 0.6* 
0, Speelal Qmrns 
®t«re ar® t«a special Qas.®s ©f this general soltttloa 
l^©ti, .It was *©ttl4 W better to ©oaslter separately 
simm tfee solwtioa.# &t %hm ^mmB differ la a-a:^  
details, tmm t.b® g@m«r«l solett-9»« Q»# ©f tl»s« «f©0lal m&m 
il 
l# tkmt for a—fiii® ajtgMt h& t&m mm ©f 
m . tminetor ta ifeteM @ari*«»t fl©wlag 
^^m0. it Is #©a#t«st» -Qfe® ai&tk@4 @f attatWag "^1« 
»f«eial ea»e w©al4 %® t© «11®» ta 
«alatioa aat to-wal«t« th« resaltt^ 
ll&i® w«:® Bst Soae hmemm tm thts .8]^©i#l ®a«» 
i s  ^ u i t e  a  I f e i t  s i a f l ® *  s © l m t t . ® a  a a t  I t  n a s  
^«®lttttoa was fliiisli«A» flm eat-
Its® ©f %h& ®&latl9a tm ifets %m tm 
,AfP«4t3E i, aaft It will eotteet tfeat 
mq^mtiQm vewm 4b tto selmtiim tk.m tii® atm&f» 
9tmtm -opwmtim mtemlm te©«ma® tb« ®per«ti©aal mlmlm 
&a4 a©t te«#a at feat tte*# Eat®!" « !«•» all©*®# 
t« apfr@«®& imflnity tm tk® ^M^ral »®lwtt©B, I4i« 
-r^ittltijai; tatttsmiaaat €xgi»«silott» •mmm «irala«t«4,. 
seltttiea a# «>tot«ia«i t^m tm g®a#i*ml ssltttlai *a® f©m^ m 
tgr#® wttfe %« solution etetat»»4 ta?lt«3?-. It tm 
AFP«mil3E <1 ttet Wm ttttee #»aductt©a aagl# nf %m m l^m#tt®m 
&f %M# 01® p«r®®«t«f fe awi® f©^ tills «««©• 
a® ®tb« 8p#@4«l mm t® to# seaaidered ,ii#yt t# tfe« 6a»« 
wter» ttttee is t®Q' 4®gr««».*Mc» will b«, 
•all«4 t&« m^-cut*©f:f eas®, mi® mmm was aiopt®t fe«e««®® 
#»r@at tii t^»^ tttfe® ^ t* aot ®mt-&ff ®t#-pf®4 toy tl® 
Et 
tm ]^ artl€»3.ai' tjfF® ©f ttltmw ©ir©ait 
fte« <smwmt la ««#& 1# st©pp«t rmtMw by ©•iai4a®ti@B 
stafttag ia ©tl@* -skA a fwm sf ©©lEmtatlem 
t&K. 1« «e% mp la wlileit ©wf«mf s«lt©ite« tmm 
me tmm to etfemr m& teaslc agala.. ®iAa. 
f&r tli« «pe@4®l #»«• is a©t tlat of flailing -Yifeisit, 1# 
to©iiii- t® 1® Mt that of fiaii^  . 
m .iitliisi iln« to©tw#«a tfc# tut-off «tt soa-ftmt-off ernsns* 
:fei« ®aa by .sSlTlag tm tfae ef a 
«t to wfeiete «ill attto'tte t«^^e «asf®at s#r© at.»w6-
t©iat positlw we^y*feer@ #1#@» fb« Matlag wreat 
t«jfe«a 't>y tlis- first in tM flit#!*- tliat 
•Ili« pelat 6f t*i%# mwmmM ©ss-tir at t « f,. tfii# 
«^amtiOB iatolvtaf-a «4 aiit If t irai®® ®f a 
sf©'@lft«tt. ttr^ tsp-emilBg valt» ©f ft May 'to® eal®m3.«t«a.. 
fli« @«tli»« ©f ^1® astteei 1« fi?e#eatet i» Afpimttx 
23 
i?» •«! ®*EicfiRisifics m ffil 
A« ^ fa'%# 
cttiyaetwisti®# of tlm •^ re-ttit t&«t »«' uf s®st 
ttw to tit# testg® &#• th# «»i ia pf«i«tesatmt^ its 
pF©p«rtt#«- tit# t»b« iE.]^l«»., ©atfmt 
tb® FiffJjt., ttoi p.««k «ai av«y®iit ami tto* pt-ii£ 
iair«r»» veitag# om tm %m%m* «#l®alt.ll9a ©f tte#s® 
•fa?i©ms. h«f« pf«a®atei is tUm ssiferiti 
Ap^aftix 1 fer -tt# @ms#, 6 
f©» tl '^ «fe0i«l #«#«• ®f a-!.-oo , %f#wiix w fme tl# 
flt« a^le ^ tmriag wMeto -tlis tml# #©aiii#.t» i» ftegeatti 
itt fig* 4 ge« 1 functloB sf & « fet *ari©si ©f 
% foy « fiE#€ val.«« ©f 6d%0 tM« «»#•• T«i«» 
g#r® 4«^r««» «t I t© ISO #«gr#«» 
tm ©f tm s®|#%®ffcsso4 «Mf 
#•§•, f» ®f i©« t® mm 
If ti •»«! to tm Wi^ f tac«i.,, «sl® 
va^«» little tm ¥alme« of ttbsira it, hu% f@r lmm» 
tlt.aa 1©, tiie -larialios l>e®®®»s eeasiiisriilil# ms 
is apfj-^aek^t 
«t i%i#fe m# ttt%® st#f* t» tm flg« S 
A N G L E  V  I N  D E G R E E S  
m 
• 
m 
H* 
Q 150 
00  ^ L C 
m 
10 
. . ! »  
M f 
m-
ia m •tiallst t© tbat t&w %. tm a fix@i 
® f  Z ^ ' '  f y o ®  t Q  t « . g r © ® s  a t  s > p e a - . © i r © « i t  1 8 ®  
t«:|pf®«s tm val»» la m®tgtote0ife&oi ©f' f©-r 
mrnllm ftf %hm m^»mt»Qtf #©aiitioii, ©©ears,,, 
ASI /5'I» «T«AL *® »# VAYTATLEA *I% <<J©1 FIXEI 
t« slaii^ar t© tbat tm ^ ^ asflat <\ at wbl^ tfe® 
atayts say fee- f-«»i %f the m«®-of tft#' 
Is«©asiBt t&-« i®s4 ©f ti® mmmlt feas 
ettmt. 9t Imsmmtm t. mi%m A im 
4mmm®4m ettsmt Qf^pmM^Sm msmmm im TTO« 
tllt<m tm stallttf Itt ^-at mglm-m aai ^ la©^#a®#i,-
»• .CMTFAT, 
Qm -SF -B0-®T IAP-«RTAB-T ©K&YA©T«^I-«FE-I#T! ©F « -RECTIFIER 
©i^ eait is tm uteirag® amtprnt T8ltag#« flis wlta  ^me  ^
to® ©%talB«l. t3tm tfa-« .rati© »f tl^ # .a-rerag®- ©mtpat naitag® t© 
TTE« MAXIMA- mtmrn »F TB@ .«-IA«»F3MAL W3.TA«®- SSR&SS 
.©F- T&« %#/%» I'ATIO-
glvea la Fig* t -a# a fmaetl®a ©f ^%g tm iriariOM ir».im#s of 
oJei.. !&• zm© mm amppie©.®.s©t so t&at tb® ©ht-tos w&tiM te« 
mmm mmfml la i«siga wofte# for a fixed, of o^Wt 
-^ 8:tl© itm a ©f aattf feip —»-• oo 
t# ©•#!§« for •%««! W Q*%» 
50 
0.9 
#• 
F 
0.8 
1 0.7 
0.6 
IP 10 0.6 0.6 40 100 
S8 
Wm Talu®s 0f coQM from'O.i to Jstiort -eiremit) ttee 
BOB-emt-off ease applies, aad - O.SSftS. For « • 
fixtfi value of com  ^ the ratio 14 /^2® varies little 
for cd^LQ larger thaa 10, biit for smaller values of £o^W, 
laie ratio ehages consiterably espeeiallj «a approaehea 
the filter resonance value of 0.§, la general the greater 
the angle -Y through «hleh the tube fires, the closer the 
ratio approaehes the non-cut-off value of 0.6S66. 
Similarly the smaller the angle heeoses, the closer 1. /t uQ M 
api?roaches the ao-loftd value of unity. igalR both inereasing 
the loai on the rectifier eirealt aM.approaehlng filter 
resonanee have a similar effeet, that of making the ratio 
epproaeh 0.6386 more eloself. 
C. tipple Toltage 
aftpple voltage aeross the load ^sistor of the 
reetifler olreait is mother lmp«rtaht eheracterletie. it 
aay he obtainei frs« the per oeat ripple r whieh is defiaed 
as 100 tlBes tfc« rati© of the effeotlve valw of the 
fttniaiBiafsl ripple isisltage appearing aeross the load resistor 
to the average voltaie-rl|^  ^ serosa the mam resistor. Sie 
reason for aslng only the fmnd'aiiestal ripple voltage ie' 
that this type of filter attenuates the hitter ripple frm-
m 
to Saul mom th&m t&# futttmemtsl in pre©tin# 
©aly tl,@ tmnAwmut&l Is gafi l®#g« t& • 
•#t4«ratl&a« Bimm thi# ©l*#ait 1» & t|rp«, tfe«" 
fiiaA-asiiiital, .ripple- ,l8 -mlmmfm tut## tfe® fr«-
t^ ©a@y. AS fSvea' la ap^bIIx 8 ti« pty ®ta.% .ripple ' 
tm .f-tjrst .fllt«r Uy tTm sf' 
TM AF• mm mi^mmw' V«ITAI®.,. «A THE 
mmt wlpwM mmmm m® l&M mmimtm was f^woi fey maltlplyimg 
th® ©eat .rlfpl# m%mm& t.^  f-irst e#o4«o««y liy tm gain 
la fil-frnf mt tkm trnrnimmt^ ripf,3.« .it mm 
••feuaii thftt fi® la^gt r&Xm» sf a af to,, the ®®at 
®@^»ss tto« ri.r«t ®©tti«wi«r »fe.«a ^galast 
•AR!«%.!«.» (I/®| « <1/^1 pmMrnmm mmwlf mimtgbt li&ms-* 
tm «*piri®al ©f tt.@s® lt.a®® w»3r® t@m& 
nm mm Wilttpl.tet hf m® tk® ftltm, gmim 
m ^:s^ma»im tm tfc# pm mmt ilfpl® «®rMs tii® l®».i a?®-
ffel® .1® 
aM tM® mmT %m- tkm ripp'l® will. 'Ii® 1®.»® t&aa. 
fi*« p«i* ©«at if- m .«»i -Us:.©# ' f«aptjri©«lly 
®0tt®taats .«3P® Bl«ll asi mm mqmtim |i©) wiil %® 
ia aasf' ©f tM® problem tm 
31..i +-, if •iS« CJLO) 
m 
FAF-TIEIILAYLF rnhim 1« LIGHTLF LOADSD. 
It ttoe p«j? €«a* regi'oa whey# 
mm9k tmto® i» #iieiag.-i»J.|' a mhmt ti*«, tls» o«%at 
im high, aai thm mmm® ©» tb® tlXtm mjAmmmm 4® ii©t.^  
•fary w«h# •a«a®#t- P®  ^ e«»« *ill 
mlf %& a f«i» ®«at at mmt. Am f&@ @tr©wlt 
Is l@.ai#t aer# toia.irily, tb«f tulm aagl® iair«as«a, aa4 thi® 
«oiiat or ©teirg# 8ttfplt«4 1® -aiA t«k®a tmm tfe® fiit«r ®©b-
4®»««r8 twtm mmek Wemma m appreeiaWl# «©amt ef 
tl» fetnl -m&m •&© ©©a€®m#«».» .fbl« »&«&» a &ig& p«jf 
ofBt rtpplt, 8®4 lm»%m& &f aa «apiirl@al etm«ti©s 
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fojf *k#. ®«s«, t» ,pt# «at ilpflt 
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'tile ftppi# is tM :g«ia im thm wfel#i 
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JPESIITO?, 
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%mUm fmm tM® -earif#* ^isag-wim fm tM 
©St -poiMtB 9mk St «i®s« -tm a <«, sfilsst os# -©f 
F®A4«AT «, % it/ml.^ D* I» 
ii'S© t© iiit®i^ ol»te fe '^ talwe#- the mmmm 
FFIFESRAETE^FSTI# wmmm B®#A-PL#TT©A . 
IM «• F *#».©» MAT TLMTF -TE M®T TEPSAT TA STY WSF « T-II« 
•aim# »f « particular y»ir»»-teip.^ ' smeM- a® m ^mWmXsm t 
«AI •»«# «Y# M •«% 
Wm aixty««y0le«-p®ar«s«*»i • • -me& tl#. 
tm%9m. TTIIS# OF mmtm^ F-IPTNAIFPOS®#- TLT«T •«&» ASAANI^TIOAI!- ®'R« 
••till 
m 
F* MWSMXMtAt 
A* • fmltmimmiEf 
•. tmlf ia tftt wmk tm %k%S' .1* was •r««li,set 
tfcat" ©#«Ii %A- sttlvei wfc&lly 
tally, m» a of witfeMs* It 
*»»• T©% HIAT^ I»« *©#T SA:T4#FA@TSTIY mmM he 
m e©isMiiatlo» ef bstfe ©xpe-fla**®! «ai ®«tk«ffiatl©al. laalyst®, 
«BI TFEIS WAS »S®I. 
mm msA» wi%u tm t& 
mmrm' %E -AA^-#' ©F EF- trnhm* 
®f tli« iai«.et&ir ia • filt«ir mmB iw# tea* a» fmw 
mw GR«IIT AT0AR-««Y FE#EAM®# TH# mm 
tm m»m ot m qmmMtmti'm tte« ©p r^atioa ef 
-l^ 'iii a fttantitatt'*® Qae» w«s 
ani# %@ Qhmmmm thm effect of any direst ourremt la t&# la-
i»©t@i' ©r «f varyisg tfa# ©f aifemstti^  
'ite# #:at#4 «ap«@it«as# ®f tt® msAmmrm.wms- ... 
used .sttempt t# aeatar® it... 
bm&vmr^ tMmt m Tai-iati ®a,- of oogM a grea-t®:!*' ©faaag® 
ia, tJto #bapast®ri«tl®s #f tte®. elr».it' th&m a slailtaf ^a.ag# 
im^ com* •mgtm of Yim tM'trnm wmrn ©%.«#,RR«T4. 
m 
t© trm.mmw® m&tmm fsr m- l«^A 
t© IS© ft«.gr«®a tm uJm pmmmmm ©f 
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w©Mia ^v« ^ b# -staiiM »©t«r®t«ly:» @f filteir 
ir«»©iiaae# was al#e ©%»«rr«ig fent It.; wm» mt r«aiii«d at tli« 
tlffli- ;tMt the aatfciMiitt©al mlmtlm mwm tm 1tt« 
yagisa to «hl©ii filter mB&mmm ©©©«#•» 
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«tt<Wft.» «t ©al©ula.tlBg a g©i»t »hmm& tUmt tfe© #03L«tl®i 
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^ €#gir©#«:, nitil© th« ®aq?©yt»atal. vmtk s&@w©« ttet it sk&m& 
m-mae %m t&« a®i.^l©^o@i ©f 3.3® A^gye#©. •WfWi 3«N-sx«it®©ti:^ 
©»4 @M««:iEiag the tarifatioa,^ m rntstmrn' la si®R i» ©m© ©f tit© 
®ta«ti©m« m© fiaat* Wtom tl© et©©tl©aa wmm ©e^j^stet, m • 
•altt© ©f 'Z la tl» ii©i^bei^&-o©4 ©f 13© m&mm was f©©aa t© s©lw 
the 
A m^m ®»©t ©xf©rlai©Bt©l. aaaly®!© ©f tl© ©Ureult wms'Bat® 
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TL:#Y t&tm&mit 'MTL'LGFBL.* 
I^AETASES-# FLIE »»*•*• m&» AS«# T# m&m^m %U» 
FTTFLIED TO ;1&!9 %IRLIGI:» LIBIL# TI« »TT«R IG w&» m 
Mm&^»weT&nt T® mmmwm- mm 
fi»»t«g ia m» tmrntm-rn Hk® r^mmtmsmw mtmplMs- tli« 
alt»nLiitls§**®i.t«g@ supply %» m* fertA  ^tei « Itn «ae«  ^
«« tfe®t mut. mmu Aiwmt ir@ltagt «i®f®afsi «©«.«» 
%t hmXm tm ^A%®I «© TKAT M© 
tiatifttiim of ti« afpl.t®i m^^mrn iilt®*m«ti»g foltag® «a« 
%f m* 4i»®t t«r»«at flewtag ia m« 
TET#®*®? mmA wmn « mm& TM« 
•aM»i?S8tliit*»f©lt«g« »6wp#« mas *©s4t»je#i fcy @a©tfa«*' ®at&»t«»i^ «y 
@s®Sllo»«©.f« t» -««« tliat Its aafi »«w f©r» 4it a&t 
Im #11#®# tie 1 t* a«@»»8«ry t» © t^«ia 
S 
:«aoag| ^ r®»,t«tas#« f#f « s^aslM.w teftti# fesiniit#., ia, mi* 
mm If w«» t©sirnt t&at staM to# l#ft r^®# 
hm%jmm fa# «i» iai» feliwuli^  
for tfe€ indueapf«rwt ^ aatatnttea. 
©R T&T-
{1«| 
»LF H1C3 « (LI) 
fte i4r#«t mmwmmt. IpQ f|.#»|^ ag tli» iatastw *«« m»mim§. 
I f y  m t m  %, wbile ttet- ftltaimattsg 0mm-m% was -taltttlat^ et 
41 
tmm alturnstSftg-Wltsg® re&mm % VLmtm 
I^IG * • .; • , . . . ' 
j/fB.|_+Rg+-R|^J^+ i 
•.1SI«'MLAIE'»A« «P AL©AG ULTLI.TFE® SIIPPLI«« AMI 
ai^  th© following valtt## m.m <mmmi Rj_ » 100 ©fea«» 
IG S © ©TEA#', E « O.?OS S»T ^ FAR 
A®«ONI.» KAFT- TO««A Ut0mT, 
•feat: tbi#.-Has tii« «#»M "to# «.sei aat «till 
•stay wl%M» tM ratlmg of •%&• 4®#aA« 
s#nsitivlty *«s quite gdst for tlei p«i?p®s« at. teaai. , 
APPLIFTI A'-^-YSATTAG mlMm *«®' 'TATFI#!-, AAL • 
tttrr#at w«s fm-, ti® ft^ at tf tm Wi® mmnXtm 
9f %M» -fftrt' of -test mm. t« faifel# 3.* •' wm'' 
»im of ti.. at.ra.ttog «,it.e. T .^ tw mde. 
aaS maM»0& t&kmn of ttai- asi tii« ©upa i^fifflt# 
.C .^ ttt® iaAtt@tamwi I,,' Mm apfus^af yiisistsa  ^ aat'tfc#-
mltmrmtlmg ©n-irsmt I^ q vmsm lfc®a mmm. ©f 
•(3.g|» {MW ^  CM) resp«®t|ir«ly* 1®# s««®ft4 t«Pt ©f 
t#»t -efiaattted ia tiie.ff««alag tM® tmm mwm •%©. 
goo mm «pff«xiaat*ly •*&«• wmmmm, tiw-t . 
matt 1» filttr etjruttit,^  aai, %«a 
3r«p#«ti»g thi first part of' tto® tint jr#«alt» @f tto»- mmm§. 
pmrt mm .giwa in Table 1 »!»»,. 
m 
fmm I 
Ummmrmmnt tf the west®ra 
• Type img letiiM •G©tl 
ii 
I- 1 I 1 '4 % . L 
volts . .ailli- mier©- &hmm «illi» 
farai amperts 
• m^m 0,0- 0.390 102,400 f.gg'S 180.7 ©..34 
• s©»© 0,0 0.380 104,500 7,360 185,4 10.4i 
8S.4 ©^.,0 0.380 106,800 7.460 185.4 15..3i 
m.4 0,0 0.380 106,600 7.510 185,4 SO .41 
,i4e.8 0.0 0.360 107,400 7.S80 185.4 • g§..©i 
179,S 0.0 0.380 108,000 7.610 1@5,4 31.25 
209.6 0.0 0.377 108,500 7.650 187,0 •?5.30 
E39.i 0.0 0.376 108,800 7.680 187 .4 39.95 
29 •§ 200.0 0.440 101,500 7.160 160.2 5.55 
56.i BOO.O 0.400 103,400 7.g90 176.2 10.79 
91.4 200.0 0.390 104,900 7.400 180,7 16,60 
120. t soo.o 0.390 105,700 7.450 18C.7 El ,82 
148.6 200.0 0.390 106,400 7.500 180.7 E6.63 
1B0.4 £00.0 0.390 ioe,9oo 7.540 180^7 32,17 gio.i 800.0 0.390 107,400 7.580 180,7 37. £5 
838.1 ' EOO.O 0.3t0 107,800 7.610 180,7 4g.20 
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-iTiyrtatloo. ia iBi« t,. was sat 11, ®a« tlMi 
ttttattsMf# iwr«®i«€ wifk inirenslng alt«atttag mtrmmt 
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USTI MS »O*WHAT mum-mmm 
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opmrntim* ' irn» «aall •astt^  
%» t&# mmrnmm &t tt®' %m€ymtm m it ii®mis mt 
a r f ® # t  t k « ' © f ' - t t e ®  t e  
fl».- ti3r«®t' 0wireat '©f tl« tBi»@t©3? *«• fea  ^ t©  ^
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'• la miBg. tlsi-^  fill»:r eireult mm am expe l^saat®! 
@axcula.t«t usife, tt wa® t®. vai^  oi'Si 
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sa.ti^ feitag® appii®i t& tMm ©t^sall-
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sa»« emvelop® teat not to put se-reral tetoes ia pmrallti 
to ototaia an, extf«a®ly l©w r@sist«ae@. Mercmry-vapor taMs 
will give a wm^y ion v&ltage 4rop duriag coadiaQtion, hut 
tbey mer© imt used for t«6 reasons, first, t'aey are almost 
atver ttsei im praotiee with this type of filter eli»euit, aad 
s^esad, tlitf to not exhibit tbe almost earistaBt jresistamcie 
ohara#teristio of vasttusi tibe.s. The merciiry-fapor tabes 
hmvm an almost ooastaat voltage drep iiiring eondnati&a aM 
tlittg M¥« a resistsB©® that varies widely with, tlie current 
flowiag in the tmbfe. 
TM diode vasum tubes ikea csndtietiag have a 
flowing throttgfe them isliicfe, 'rarles very nearly as tla,# -reltage 
aerass tie :tti''be'\.raiiiei. to a power* Tbe expoaent iirvolTed is 
ustially "betwe®!! om ini tio with .most valuta in the viaiaity 
of 1,§. tti« resistanoe  ^of tie tate thus faries but oaly 
sligbtlf as oomparei to tlie great variatiisa of resistaae® 
mmmunttTei. in the aercwry-Tapor tut)c, Ther© is, bowever, a 
qaestiOB of wli&t definition of resistanc® should be used *?lien 
applied to the tube. For example the resistance to a soiall 
alteraeting current superimposed on a si2©able direct current 
«ill be practically tiie inTex-se slope of the tube eurreRt«-voltage 
ebaraeteristies at tiie pDint of the direct current, while tbe 
wsiatance t© tM direet eiif?tiit itstlf will be the •fttr©©t 
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48 
tm mm • It was t® 
tak« 100 mm tfc® folat at wfelsk tli« 
was t© ®alettlat«t alB®« lighter loaAs p««k t© 
av@f«g» tttb# mmmmt la®»as«A mpp»«ia.tely. %®a l®@lElag 
©irsy tte -©^werttitlly tmhmm, it w%m fmw& tfeat a 
f 4S-iI 2 
 ^ mt a Twp«-
fif© tm i»a»Uel 
gr©mp of a»»«ip -ittH-tts. aafl# f©# i«# wtm , 
ttltmvm hmA tfeat •airle4 fi^ a . 
©teout IfS ©te® t©- It® Mmmt of mly 
®a« 4lai« i» mm /mrmlQm* »M«ir ireap ©f rettlf*## 
all Qf wM&h kai t*© it©i«s iB @a« heM 
mitrnm mmm» 
tl@ tutet tte tal® la 
14.03 
12.01 
10,62 
6,88 
7.31 
5.40 
^•8# 
l*Sf 
175.0 
151,0 
1S6.0 
S7.5 
FS.S 
51.4 
25.9 
14.7 
•i 
tkmt tmm aboet §00 t© ISO ®h«e pe-r #iM#« 
Wwm %e Mtttr '^ gwap %Me. 'typ# 8S-f wms ^mmm as tfe® 
©M« T®-B« M»©I» AAI mm TUO IL0I®« mmm ^©«I TA PARALLEL* 
©f the ttt"fe«s wre to' tto»S.r r««t«taa€®«, 
®ai a tf^ ieal »«t of -Aatii 'sfeowtmt tt,® f»iatl0a ef 
TLTROM# TL® m®mmm tM T« FR#S«M^€ 
la faille S, afsragei ©f tfc# tw© 
tS-'f was 91#f «l«t» 
'l* ®0a«lt#r«t|0B ef ©tte«y 
are s«-ireral a»«.ai»» p®iat« *tol#fa bat t# b« 
®oa®|i®f«-i befoje® tfe® ttst wa« .%« a©#t iafoytamt 
©f *m# tfe® T®ststaB®® ®b4- ap®aeta«@® ©f tli®: 
trassfww.*' ©f the «ttre® impplflag tl® tr«s«f©»®r.. A 
tmmt^ wmT a»t. a tf lai-i® ©sfaslty *®i?« w«a to 
ke«f Ifeia mBistmm mM i-aaetaae® l@w •© t^ at It mlgM 
a«ili®t®4. me reslstam®® ef tr«aifssm®rs a»«t ia praetieal 
ummllT ©'saa&t b® ,ss^®«t@t,. %at it @m %« takea 
®aip« «f fef laelMlsg it with ffe® tmi® reals tame®, fhla ttaaa-
f@Hi®r i^ alataae® sh©uM fee ttoa.t of ©a® half-iif mm »«®©i^ arf. 
Ifee i-eaetaae® ef t%« twm&f&mmw ®aaa©t tee e&ffipeaaat®t fir 
this way, ami aa «*t®ft«i®a @f m® aaalyals wsaM fee mmemwy 
to lBel«t® if. a® taltrnm mteal«s®® 1» the a®®oa4ai?y ©f 
the triaart^ i' waa tomd t© %e ae^giiglM®, aad l&e alteifaatiag 
m 
f&ttrnm w*« mmmmvLT9A ©f, tfe® mm9ia&.&rw* 
Tmf'h&wm hmmn^m lJiis«ias@« • «ntes2«B«® im tfeft-taf-aaii-
fmmw s#«ojai®i»f, • %iit «ia«t Itot- impttia®# if««^ <jonsiii(rtit 
mall t@ fe®-m» mh&Mmm 
•ftis©» fjretwstf •mmsmM. mmmml .tinea isat mmt, 
-t# %» «imta. ®m« .f«tr ®«mt ©f «lxtir s«t©ai 
at ml% tlmmm tuiriiit • tji@ tsst »® tii«t »@ ©©rr«®tt@a «««,«§« 
tm tt» a« ir^ ltag® mmm tmm ©» fit# dm&mmf ®f • tri»»-
F©M»» «AT m^tkm E«^OI#-RIIY mms&l 
timm imjrtag t«st nm was a stsft- mmm mttMm thm 
»t Jttip»iit %y m w®ait 
0f hl0mw Mmmlm Im th« lint mltmm »®aM bair# itff«@t«t 
ti® ©mt^eat lat» tl® ftr®t mw^mamr m& 
«tmirtlj^  aai stspftag la tii® tiii®», tki» 
r«««©m »a itsalftiii ©f the its# iri>it«ie was m4« mm 
mmws  ^ l«4i© tsir# -An j^m^w ttee. ^«imlt was tkat s© 
l.«ia©at« 'neltag# t© pi--©4»-®# « ^p»«ei«fel.e mmm 
ia %« r^trst «a»«at na* f©«i# 
MAIEAI® mmmmt IM M® FALTER @EA4«M«®^« mmM 1® 
faf®!* ®oai®ttffef# wei?® mrnAm la. a&at |(ra®» • 
tidal ®a8«8» wttli .®fp3r®@t«%.|.® Isalcftg® 
•ewtm&% Mm nm€m f© t«te® mm  ^ &i tfcl®, tkm i®^«ge •©ari^ .t 
.SFE&AM hm «4D.®T *© TL® 1.9«T «»I'3P®AT *K®B ^ ® ®«^ITT L®®T 
jr®»S»t«®« 4» @al®al®t«4» S«® f®etlft®4 toitst® mmm ®oatri» 
SI 
bmt«4 Iry tfe® tmt t&@t %M Mm.& tiXmmtm s«pfli«4 
vtm «3.t»riatisg e^TFeat mi tteat darJag parts ©f tte ®y«ld 
p&wt &f t&e fila»at i# atgsttiir®- witb te t&t fl«t« 
ewslBi «|.«®tr©B» • t© t© til# Wltfr a© alteirsatli^ , 
affll«4 to tm 4 %M tl»#t irslts  ^• eeas«4 
mi# f#@t wa» #f tfe® ©rier 9f * mlt m tx& aad mm* w&a 
««11 ®©®F«R«A- "I© TTE# TOLTAG«S T® FFATI 
weali fe« aa#te *m12#s if tmhmm with lmi43wi©tiy*&#«t«4 
hmA teeea a#*si»«aeat. af l#ik4 
mm4. mmm ly ttaisg, a feiiM-reilstaa®# 
TOL^T^ rntm 
ta s«®it a nay m %.© a#e#i»# nmkmm fey tii« 
siat« th« ir@p millirnammw 
wm a «a«13l i«t ©f » f©it, tfe# w@r eam«®4 ly t&i» was 
rngumm* ft® tttbmlar m%m wsaai ms.«.a m tit leai 
Mve m ^«3ry «all' at tM rippi# ®f ItO 
«y«l«» .pe-r .-•••©nA. 
F« ITO-: ^ST 
fl® ©.iTTOit wiis s@t mp a® ^»a Im Wt§* 1 «ttk ^® 
•aiPiaua mtmrm aM«4 to mis feiisi# eirsult. ab mtematin® 
*ol,la@ t«r wm pla@®i a®ro«s of tl® t^ «sf»»»s 
ge^omtary to w®a«w® tii® mlm ©f afpilefi *©lta§«, 
A oai»0ha r«siiitor wmm plas®! is ®ae&. bajf ©f ta® 
m 
mms^wsf wiBdlBg^, to t&e e#at®r tap s# tMt 
t%m tab# eagles coaM be 0ijser*r®i fey aeaas ef a sat^ ^e-
rftj ©»0il3.ss#©pe, I direst wDltmrntrnT «a4 a *ave mmlymv 
were placed iii p-araiiel mrms tli« lm& resistof tp 
Measure tm aTeragt voltage and tit© ripplt voltage tt tfce 
le«4, A #arr©E.t •mi2,lisBffi@t«,i" sitiitttyet ttoe Qummmt 
FLLS S 
test ©f tke Restifl#  ^ f©r • g .^© 
APPLIED I 
Alternating allli* 
voltage ampe»ii 
F"© 
If fee- ./>/ ojm 
TLT« I«GR#®S 
tipple 
foltage 
pti* 
@m% 
S2I.,S 
£25 • 7 
£M,4 
CG4.^S 
2M,G 
2S5.S 
SM«2 
113, 2 
113.0 
113.0 
113.1 
112. V 
5.16 
7.42 
17.S5 
2S.7 
41.0 
80.5 
18^.© 
^0.7 
71.9 
110.5 
137,5 
187.7 
305.5 
S99,0 
285.0 
276.5 
GSO.I 
AI5.7 
18g.3 
107.7 
94.7 
87.8 
84.7 
7^.7 
0.59 
1.34 
£•82 
3.71 
5.00 
9.58 
11.87 
4.97 
5.76 
5.52 
4.38 
3*98 
17.14^ 70.45 
go.78° 29.40 
40.73° i£.oe 
A .4G® 8.M 
66. 4,455 
97.30 
140.40 
.30 
140.^50 
ISV.OOG 
180. OOJ; 
160.00 
0.9575 0.193S 
0,9S70 0,44©§ 
0.8980 0.98i 
0.8717 l.Mt 
0.78»f g.Slf 
1.9S3 
0.731 
I.9A9 
0.960 
0. 579^5 
0.4492 
0.3097 
0.6575 
0.5755 
0.6738 
0.59S7 
0.5495 
0.5295 
0.4990 
4.444 
6.506 
4.»SI6 
§.0«S 
S.7®5 
4^.9'T© 
trnimm %y tb« 1©«4 featsteif, tkm •«$.«#% ir9itii«tei^r, m4. tl# 
mmlfmw ia p»aUel. mrnm t^rn wt thlm t®8t at tw# isf^ t 
v@lta.i«« ©f Sit ttaA 110 v©lt» a» »&©*». 1b faM« !• 
m 
volt«g« veltsi' m&m mm$. 
aip:«r#mt tlsi »t1% MM ?©it8 it wa® m®%. l»t© 
th» HOn-out-Dff regiw far f.a®iigfe aai still mtmy ».S i^n. the 
mElsii® ®«rr©at vmlw»m tm 1M tuhem* -fibt first .fliRi ealtirai# 
mt S mm *1»6 ©fetala#t 
ttef®# QOlwmm mm fmm t^mw t«ta» 
ae pre<im#t • co& .*«« stetiiia«4 fey- Mltlflflag i ^  tl« 
applt#a fr«ttt«asy waa atxtf pi.r «#«»4.»v ti« 
a¥«rag®d ©f «# was 
3-f^ f x W® fmwm&mt •«»! !•§«€ realistam#* M i® ©toi* wiilili 
Wit# «qual to atf- to®- f»s»4 'by 
van, /i", tiwi-s stfilufi 
isatiag i^ltafp, -ffe# p«i* #®mt *• was fi(%t«lw4 'Ifj 
iiTlding 100 ti»» tte eff«etive jplffl# voltag# %|r ttei lnai 
ttolta  ^
tabe «agl® Y mm Im tt« ^x-p&rim^ml Amtm 
ef its value la hm awsfe t^ © 1mm: 
mm leskiat aoi i^ p-rffxtwi'twlir ^®a tb« fe.ori«r 3.1a® 
w«,® r^#a®teA, This border line' mmm f«a©l«t at 6«J0iv«fitat 
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retairt^ . a ft*©t aatmt &t && rait®#, 
tfcat »»xl«wi-' wipplm^ tm lm& @mmm% 
«sA wQltm0i, m& iaput- v»ltag«  ^ aai #*®%wa@y ar« tesm# 
tft® first ®t»p I# ta mmlm&t t.6» Bis# of tl® filter e©tti«»»#r-
tiiat wsttM %# aest suitable ®.i3»#ii«jrlBg -S® #©•%, ,«»«« is 
proowiag,. «»i aaeost ©f fllt^ rii^ * mtrnirn tta» »i^ it«i# 
of <50 01' toy fiMli^  -mt'pr©«tt«t of Stt mm inpmt f^ e^««B©y, 
tfci# eapttfiitsa®# 9t fll^ r mm.§mmmw, «mi thm r^ siati®©# 
whleife tm mm l®ai feltage 4i¥i4.»t %f th.% loai Vmm 
fig.. ? 'ifeitli ASUS Hi® rifpi# #lE»a«t®ri»«i®s mmMmt thm 'v^m 
0f a;%e th&t tme tM ©al®«l8t®€ valra« ©f ^<JCl *11:3. gtw 
tke Mximm pifkissiM,® ripf Jl#« CaMalat® tlBi ssioaat @f 
iaim$taa#« I, mmmm&mf la Ik® ;filt«r fwm thi* •«t«« of ^o i^e, 
mm. mm if m isSaetn&o* @f t&is mmmt ms- id^gltlir M0m¥ i« . 
a¥ail.«%l«» If- mm mmm hm 0^Wm m& if it will ©ai*y lea4 
©m»«att tol# iis&mmMT mhmM hm rnrn^m If it is im^mmihlm t© 
fiat m isiwter »stt4«fyi«g ^#.s® »tttiti««at», «. b«w 
©f tte« ®«psoit«a®e'«hP«3.€ ®at tto# tik®!* 
mmn0 agai.s» Wmm tm ftml wmtmm ©f 
mmpm&i.tmmm mi, IMmmtmimm mm %«mm ««ti«#« «»©», %aa»tim«» 
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com «at mmy he "SimW mm ®f Fit# i 
Sae/S« 
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tfc® v«l» of 1  ^m&f %m eal^ olst®!.* ©il8 will. &mtmmi.m tii® 
wltag® ratlmg ©f th« smm&Mmf ef tlwis timsfoiwy  ^ mM tiSi« 
:ettw#at will d.«t»riilii«'tto ®m^m% y«tlac«. M&m «gal» 
«a .a4|*iBtif^ at mmf to® if tkm mtiwgm ©f tb.® airatlable 
traii«f»]«©r» m® aot mom  ^ ts iral»s- Tn 
•s«lMt til© tmto#» tkm t%mm p®-ak t«te« 
«ir®r«g# te%« »ary®mt, p«.«k lawr®#'tsli® TQlt»g« sofii 
memmmvf, m&rmm mrmn% ts ©ae ttee lnm& 
mrrmmt I, tl» p®ii[ tafe# ®mrmm.t-mj be ©tot-atB#i tmm Cll)-,, 
«»€ th# iswrs® wlti^  la A tmtee- hw 
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s«le@t#4 tiat m» all tlipfi® ©f th«,a« rattB^s  ^ hl^ Um 
mmm hf tm 
Bie ,ta|»e- itooalt fen tmm its 
©bar^ eteristios ttet Ttlttti® tt hj tit# 
^mmmt tt. at. t&« petst A.®» the mrwmmt 
It i® efn'al t© -©It# •his:lf, »e 1^4 «rF«at,. tli® «ttm ©f 
t«te« tJh®- i4r«#t &mmmt m t^'imtmm of tk# fll^ r 
itttfwet©*, aM «lir«@t ©ari'Wit. wmmtmtmmm of ©b« te*lf ©f 
%Mm tnmBfmm&w mmQm&.mr9" ^mlA he -«i4#A tog«t&iir* If ttel#. 
mum Is mm mppwmimbM pmwt of tm Mm& ms-imtrnm^f mw 
tMm t© fl« .i«r «#»t or .»«•# oj©! rnmmM .&• 
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VII. BISCtJSSIOH 
•fhere are several exteRsioas of this analysis tbat oould, 
it Is felt, b@ profitably investigated further, ®ie first 
is the behavior of th© circuit far vali^ s of a between 0.6 
aad 0.0 inoltiding tiie region in «Meh filter resonaac® occurs, 
fhls might neaessltat© an extensive revision of th© oath-
eastical procetor® employed la Hi is tJiesis .^ fhs second exten­
sion 1® that of the half-wave rectifier witii condenser-inptit 
filter, fhe half-wave rectifier is becoming more aM more 
popular in small rMlo receiving sets, aad an analysis suit­
able for design ptarposes in needed. This analysis probably 
could be done by the method of ippeEdix B «ith TT in the 
expressions for Hg, md replaced by Z7f * ^he third 
one is that of takii^  aceoumt of the transformer reactance. 
Probably the first step to be dwie here la an. extension of 
the case considered by Ireesan ,^ i.e., the ease of a—*-<50 , 
taking into account botli the transformer reactance and the 
tube and transfonner resistance aM aa&iag the analysis general 
enough so that it covers the full range of the other variables 
and so that it is not limited by one particular value such 
as oae particular frequency, fhe next step would be th© 
reaoval of the restriction of a—fhls would undoubtedly 
66 
prove to be a diffleult problem to soXve, and it is qtjite 
questionable as to *li©tlier tbe labor to obtain siieh a solution 
0Ould be Ja8tifl|.e4* 
ft 
nm ^ mmt 
la fgf twm a ©f ti» 
wt"^' « tiltmw 
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ffls^©i #f ilffeiNiatial was trtM mS^ 
mM m B«w #«l0-aitt8 tfcwilep#! f»r 
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•almts ®f «« was t© tl^ * ©•««« 
&iie ©r m®»0f tto f«raiMitt,rs %«©««- mm ®r iafialt«lf la.rg«« 
»• %®a®a.faey thm nQm.»&nt'-&tt 
tf$m» ©f ©ftratlOB w»« ami tM s®latla» ®f tlitt 
®«»® mm» aa4«« fh« p#int ©f fllt«r 
v&m' «pp,r®«®li«4 -wry ®le.»«ly,p Tmt &i.ft%:mlttmm wi^ %&• mwlmttm 
tmir«sttg«tl©» thm i-eg^aaae® ©saAiti&B. 
*4 
$* (i 
J 
€ 
m 
n 
«r S 
•trti Il» 
&• 40 
# 
id ig»' »3 # # JS 
s 
 ^ i l! 
» 4* <N & s I » ft ® 
II. SlBifflB- MfSR'SMBB 
1». 1» t* Aaaly*!* ©f w©tlfi«r filter ®tr©mlt«# 
'StaBfe-rt 
i« Iftgw'r i« M 
®t« t*it$wg3§, sir tmmm Wttmm m se»#:, 
tti. 1930. 
S» 1^««, 1» l««tifl#r fiXtmw mmuttmrn ll«©trl® #• 
I9:186-lig. 193g. 
4..,' i:» M* mi» •ltr-.©a-%.«»3t»Bg#»Sb«ratet®ri»tili«a 
MmMw tm 
S,* 1., !• aat WaMslle'li- ©.• JL* fh« mmm-mm&t &f 
@fc#tes laim«tiEWi«» 0®fflwml#«tt0®s H., 
a®, lliS.f» i©ir. im%* 
«• 1# rsatlft##* wmMm w4t& 
i8ptt%» 1S4S» 
fm- Stetttt *• 1. Anaifst* ©f filter ©tfeutt*. 
e. f»riiaa,^ f» !• laii© l.»t 
Mm If St.* 
§• lirtt©" •a^a««riag« • M 
»«« f©#ii, S®®li @©#, la®., 1-fSf • 
•f® 
Rat ie' mmw*» hanate oal;» let •#«* 
f«ir ?oyk» mmwern^mtll Mmk C»*, la#*, 
tl* 1* !».* 'ftt® opi.r«tl6Bal 
It* lte«atsip©ft, 1# i.« ft® of fc»aant«» la 
m&ufim fmtim-^im* itm* 
9^  
0 
ft. 
mtkm i sob&m 
Fatk®i?-*s mmmt Jala Albert WaMelt^ li 
Ifotiter'a saliea-asas-i Malst« Hmlltsa tsag 
Bate aiii pXae# of birthi ; Hay 3, ltlS» Allmtmu, fmmBflfmim 
Sigh selt©0l sttea4«4j • illmwm .Sigl sskosl.., kllmtmm,. F€bb«. 
pesia. 
la.tf«?si.ty sf *i.».»oaapi..». e0laaM-a,Kt««©wi 
tm& Stat# Iiwn 
B«sjfe«:sj Batfeelo  ^ sf &§l©iie« im ll«etrleai iBglaeariRg .^ 
mi ivmr si tf 19 .SS 
Master of .seteme, "Lehign C'slversitf,'if3 
Fieli -of Sg««ialimati.0B:! ll#o.trl.©*l. #Bfla««TlBg, ©leetroaies aafl 
@©Maai©atlea 
fositlosa ItMi I* f«a@.&.;mg.is«i8t-afi.t, I,i®iil.glt Haiwrsity, B t^k-
.ieii«,,, l»eiiasyXTaaia, 1..SS4-1938'* 
g, mmhmf Qt f©eba.i:eal Staff,^  Be.1.3. f«l«pb©a® 
tatoiriktories,,. Mm. York., 1,T«, Srawr 195f. 
3» iHstructo? and issistMit Professor ©f 
lleetrioal %gliie@?tag, University ©f Missouri, 
Columbia, ltes&tt3?.i, 1938-1944* 
4» ifeiafetr ©f a#g#areli staff, lestisgtens# 
llestrie Oorporatioa,, Blooafi®14, 
Siffiia®!' XMlp. 
: §•• .llftet^ltal Ingine®y, lafal Oftaaa^e tabo-r-
W8.^ iiii'*toa, D«0*, J.-»44-lf4S» 
m 
XII. mmmm M^'s.mmMQUwm 
m « 
M.i » a ta-amtity isflmti hf |s-f)» 
Ag ti»' r®atiag In, i»»t«r te a4r®«.t 
ourreiit in Fig. 8. 
% « 0)01. 
i' « the m'pmttmm is fsr&4a ©im«r 
s«@sat fiXtmjt 
Ul m flj e s t  f l l tms  wf  f i f •  Zm 
% •» tlltmr mm&emmw @f_. fig* t# 
%•* % * ®a»ttoitano®' ta farmia of ttit t«®aA« 
b©x«s -of fig# -8* , 
®S» %. * W®@k:lmg. uf Fig* 
W * m a#fia«d 
%• ®1» %« % • * ieflmsi fej 
« » %&« tm«t«t»«©as &t tm ®pfli«d slams®l««l 
•lit) •* ® 'tte# imtrntrnmnm mlt&m tht 
ti^mt mmm&mmw* 
X t3/oi > 
'1  ^ • tto« Mxtmma is -rolta ©f tk® »iBtta©l€«l 
Ig » « tttaatity d«fla«t tof fl-lSI mA fl-37). 
lie ® Wt • avtrage voltag# m&m&m tim loat mmlmtQW 1# 
f a mm smmmA 9t tM ^pii«S 
®illll#Oli®l TOltfig#. 
r{t)= -mimtim of l Wim i^ rlat f.» 
F(f)« s ftt:a®*iea of p* 
•%* Fgt %» % * qwattt,i«« mnm4 iir (B-3.0)^  
tlt)« ® famtim 9f t Hi.til til# p«3rio« f« 
%» % * ' h f  fS-SOj. 
03 . S « ti»Btl% ly • • 
%» ••%., % • ttt«atitles hf (B-tSK 
« p«a-iE tmb® mmmntrn ' •• 
ift)* tJi® ia»t«tsai«#tt8 @«Fr®at la 
tl®. Its4 r«s4»twr» 
l |^Ct)  s ,  tk® trntrntmrnrnm- 0mwmt t» aai«r«s HO'ntug tMsro-i^b 
tfe® filter ta4«#t». 
art t is p&#4ttf» 
ft 
• • tii« mrmnt tn m-p«mm fltwlag •»©a  ^. T' 
%|t) »• ^the ia®tMtti®#9as ®«pr»at i& rnm^mm ia-t® . 
th® first • •. 
tgfti .*•• tl® ia«t;«-Jita»@©tta ©m»r®at tm aap#!'©® tat© 
ttoi •«oond 
1 s mmmm t&e r«««©  ^ S# 
» , tit mltmwmtlmg ^^mwmt ia, fi®wii®, i& mm • 
iaiaflpy -of ftg,. 8* 
%e * the iijp®«t-@«rr#at la «»p«i«s la mm Istwstor 
ef Fig. «•• 
^/3/^ 
ultb, siailaj? «pr«»sloaii. fei- tl« © •^r 
imstajitmwtts cfflrjp#ots« 
%» %. K*. %.. 1«» %» %» If * d«fia«t toy 
C»*27). 
,1. 's,. the liiAiit%tta®« la. sf tto fllttr iaaa©t©»» 
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f • s &t foltage ©r ea»«ats :t» am&mAs.: 
%:# % tmhmw @f fig,# Mm 
"i. % = quantiti@« iefined by (D-S)-. 
v » » positive integer. 
Vj -• tbe: ?«sils.g la volts of %M m®«« %&•' mrn&mm 
, tlBg ml%mm ia *11* ©• , • 
, f» f|^ , %,• *g, «• fai&s of iat*^ at-.|aa fsf •&« ia¥«r^ ' tfaas-
••% • • qM«ntitles 
f • a qmiiitttr i«flii.«t-ly (»-#)•, 
iK -Oi# «aitl« i« m%%mm «t t&® te-te®st«pt# 
efflaftiigst ing.. 
/3 * • til# aaglii in 'y-aiias* a:t. w&ish tfe« stops, eo^a* 
ittcting* 
s sa t»gl# ieflaei by 
s la angle defintd by (B-SG). 
Y as /C5' - A * tt# an^M irn/m&tms sf tla« tab#-
Is eonduoting* 
s • M TTt S ?r ./t«: 
 ^ s TT/T). 
ft 
mm I-IOLTTTION tf ®i eiietJif Mmin  ^
wm.» 
A# •»« ©f Stislvalffiat €lir««its 
©fiiitalest «Mo»a ta fif» tfftj" 
t s t • I,®., mm Um thmt toli« 
is #©»i,.«i@tlj^ ., -elrsait-Bf fig. appit«# fro» 
t » © t® t » {(xicd I «Bt twm t « X/^ /co J t» t a f « 
i#«,, »1®-B ttt&t tm mt ©sMuetlag# mmt 
aser© twm t s 0 to t « (^ ico\ mA #fi» t « \/3^ci>) t@ 
t S'f, >mt will !»;•• a m%m tfe« @lr@at.t i«€ 
fslt«gt froiB t s Ca-/ct;| te t « \ t 3 f co \ ,  ^  tttli# 
©ttyjr«at bt s®3.wi f&r toy Fig# Sf«) fti'st. fhii 
str©ttit ®t«l«:ti©»S «F«| 
It • ig/C 
ft 
aaA I ^ I £ i tt Bitai #:^ iNt-sal©a» tm 
&mmw-' mmmtm-rn Tkm tQaatiaiw' of (S-l) mm aaltipli«i fey 
€ '^ y alt ©f #taatl0M (S)- aoi {f} iatttgjmtei 
»itl re,»p#'@t to t tmm <xfc*3 t© t® ©totttSf 
1 « 
1 s 
(l/sO)|^ q^cor/-'! e"" i^l"') ll/pO)I 
L k (ye'P^M- e Kl 
BI s WsO [ 
h' h*h 
h' I + If 
I&« sslwi f©y •%*• • 
I r =/? y-— 
/fy-
_ i f c ,  { f f A , ) e C  
/f/ //^ C 
/?0/p \^ r 7 
/f^ ^c 
fl-t} 
CB-»S) 
m 
Sloi!« t i« mm tm tm aM t—f,. 
¥ 
tfe© gt««Ay-state-'flir#@t traasfsa ©f i »«»% #%»»! %©• 1 
f f 
m .«tir®B la 
s i^ :, (B-4) 
fart^ a© !^ 
(B-i| 
ffe® fm «« «!•«» ia Cl-SI esat»liiii ftf» 
tfe« sf wfci©3i mpwmmmmtB th« ©orreat flsnlag 
tM first tt^ Aeattr aaft ««#©nt,, tto« ©arrant flowiag 
mmrn  ^ t.^  lB4m@t©r» ttoistt fif% t««« 
ffei #ff«©t ©f the mMmmmr Amtgm aai iaAii@t®if 
©wri^ Bt st tite imstaats tto tmfe® starts «ibS »t©p» 
fh««® will %« mm mknmm mmmtm%& mA will hm s©1t#4 
tQT late# @a« 
mm paFti©ol«r tsi® of S(i«.) ia Cl-SJ will 0¥«l.»iit«A X 
by tt»« sf thm iav@rs# tramafem *s gimu ia fhiB 
will to® thm smmmM. %mm, and tli« otte«rf »ay %« «"ralmt®i ia 
m »iallttr mmrnjtm 
m. 
/^+f/p<L 
^"^(fsfjrtx-hu^cos*^ - '^^(^/)r^'f-co<zas^^ 
L (^-t-Jc^)(^f'-^c^)(p-f-'^***(JO>-t-c^**f:t) 
/gjlT, 
fm mmmi. teM of i t« 
f 
I ^^(ps//fiK^cocasc(^ - €. '^ '^ (^ Jf/>r^ Y-«'^  
^ -y j^ (ft-cof^iJ(p^ co^:,) 
--A" f (^•s/AT^'^cas^ 
^TTA jy_ ^ -fT ^ y^h. S. 
OJ Cp-^-^'^){f>-^'^)(p'^cvuff)(^P'f-aj**<j) 
% 
fl-S) 
!©» imtngful* ©f (B-iJ toav# tto# fom  ^p©i#a, -/yii;|,. 
mA i^m^0 meA the wmmlAmmM at all af thes® p©l@« must %m 
W1i»B Q  ^ me »mQm& tern, ef l» 
m 
/^ ^ - 1 - - ^ f )  
CB-f) 
tl» t«amtlt|r |l-f I 
tkm. /^co  ^ t ^  «®®oad ®f 1 is 
T 
s/AT^-^cas^Jl 
lli#» /3/sw:^  f:^  Hit a«#®ai t#t« @f i i® tfc» saa» «• y 
Cl-f )- «x#iipt thmt til# -tlM ©itcl'B i«. »feift«i f mmtm&m f&r-
waM. 
1. Hi# lt#lit l(llB«tl®»:« 
Bmriag tim imtmml Q :^t ^ '^tui , j,^. fe# z«:r©, aai 
m 
'%M» falfillta if the (i-f) fw@m tte it«@-
®»4 t#a ®f plan tli©s® fifsa tfe# mheie Wsms^ wt S|1^J art 
fttt equal t& mmm  ^ fh« s©«fft#|e»ts ©f ai^  ©f 
mill mmek %m&m m »•«« «?• %hm 
flFit t*®' 6ta«ti©a® @f m«t will kat« t© tin msiMl t© 
4«temi»# til# #igfet wmmmm  ^  ^ /S  ^ q {^ 
1^1 cxr /oJ ), fg( /S/co I J, (x /u) tj^ l /3 %® tw© @t«ati©ss 
mmt • • 
Q 
(B-8) 
7 
.to & «lal.lai?' mmmiS' toy tfe®. um &t fig. S, Hi® ftUreot 
tir«»f©a ©f «sir M mm€* fte ti#t tm tm M-
t«3?*al^ ., /^m  ^ {^f(^ , i,^  fttmal.  ^t 1«^« t® 
Involw tfc® ®i#it i^ ai^ Wi i»atl@a«4 
t&m-rn •• t3te«« sfMtlai* «i«i 
84 
CB-») 
•*ike:s» a tiffertmt efmatita i«sttlts fm mm^h "raliBBe ©f 
• s 1, S* a® mr«e of ar« ofetal®«t ti^ tl» 
follOTiiai 
1. s -9%  ^• 
% - \f % - *^ 4 
Vm ® • '•"— -f- '""•^ '•"'a' 
6ab gf# 
•y • s j I'll (^1  ^ .JiiMi -f- ~iiiir 1 
« -1-.^  ^  « 
% - W 1 1%-^ -%) 
»S = 8V " s  ^ 'i "l " 
Thm • starting aad ste^plag propertiea .of thn tubes will 
te um4 »#-xt f® o-fetaia th©' Iset thTm 9%u&tlms t® 
solTiB for t&e tight,'tti^ aewas ajiiiti©fi#..4 previously, tmb@8 
are assumed t® start, ©©a4tt"©lfaig mkm tfc« wlteg® a®i©»g 
m 
hm@mm s^x-o, lilieli, ia mmm t&at th« veltag* aeross-
mm half of th% 8#«wiai^ of tfe® tram«f©»®r 1b fig* t ^mwm 
t@ tM« wl"la«e^©f tb# first rnrnmrnrneitm li®i3»8S®4 aath-
matl®all|f» tiii« o©BAlti©B Is 
^ #is^ s tj I 
©r A-/^ ) s . (B-ll) 
Hi® tmbes step «&at««tAag iifc« ©iirrtat fl@iiiag. tkraiigk 
fee©»»« «®r® ;0r i ( ^/^} s ©,, fr« fig,, s,^ ®iis 1® 
f 
t© aajri^ t^at lj^| 3 « -t|^f /<^/^) 
m CB-3LSI 
SlM.® at this immtmmt m@ mltrnm ®f t^« first @®at«a»®r a»®t 
be #t«®l t© tM# v©ltag®- «®r®sa &m h&lf t;fc« a@®oMary ©f m» 
traasf@i®«P, 
% 8t»/?= )/©, 
» ® C f^itS .^ CB-IS) 
0, »« S9l«tloa ©f mi#t itmatiftM-
ftoi Pf Cl«8), (S-llI, CB*i.®U aai 
will 1® «elv«4 for m# «i|^t aalaewwi ^^, tj^{ 
tj^ l J. tgl h %( t ), «ai Ij^ C /^ /^  )• A 
•llgfct #&am^ la thm variable® is aesiratel® f@r #«•• ia feaiAlliig 
t^s® «^,ati©»Sj aai ttis Iss 
8« 
% « iocJ%/t^} J'-
Xg= (a,i/E„)^ ,^ {4r/^ ) 
= t«^L/lj^ } aJf^ l I 
a£§ « ? 
3ti = 
.f^ ,t«ii •tuatloa# IB-®} lf«#&iii- tm^ W 2 1, •!! 
/ / c -^?  ^- (^ /»if^  s//r/<^t- cas^i^ 
b«- fir®# »tllati^•®a8 |»*.f| 'to#®#®!!' fay • s 1.^ 
L ^ 1._i f _ 1 
/ 
/x  ^_ 7-x .7=  a  
ltmatt©»»^ tl-ll), (S»l-tJ, m& '{I-IS} fe«»©aiii 
3i§ s « iiliiitfv C® 
Xg « .(,1-1®) 
» is •ia/d' • f 1-lf) 
fiis »txt step vlil %« ti& tli« mimlberti 
®@#ariplag ta'«a4 f»© awxlliairy 
&t Y %at are «pMM»t3?i®ai. la % m&. % t«fta«4i 
8f 
^ '1^  —>% '7^ — >^i/e ^ ^ 2e 
== /f<8 Ct^SJH,f,0^-i-f^,c 
m-m 
w%mm if m^ la a -©©mpl#* awb«i», % = 
©f |S-li} iire «ftA«4 t.»g«'m©rt T^saltiBg 
%l0m ha® a© #©»pl«x t®a» ta 1*» 
(B-il) 
Miiltilpl3r %« ti^ mt. ®<i«atiaa ©f {l»li)to:r tb« mmm  ^fey 
a»i a4ii 
sikOa •i-<^(^-Q^ccs(K't-^sJif^-^cos/3-1-l^^^-f(l-a)a^Xf 
--tii-KtJ-x  ^-^ (i -h )^Xf -[f •*(/-^ )0jx, = a 
(»«tgj 
Simi2.a.:rly for (B»l% ttoe« attxiHary r#al fan©tt0as &f Y ifeat 
ar# ®3r«««tiri©ai' ia aj, a^, »g a:r# i®f4ii®At • 
c^^c C7r-9jJ 
 ^^  '^ C 
w&«r# B .^ .= 
f&«. •qttattws tl»M) t]&,#B %«©©» »itli tH# aifi ©f (1-lf).. 
iS-l«), (B-li|, aat |B-Si)} 
 ^r, -^ <'i 2 -^/^  f/^,-^^^s/fr/:5. 
|B-g4) 
llt« ®%8«tioa« (1-241 mew !»• fa* %# Xg, «4 
x .^. Tk9 first »t»p will i&® to d«fim« tii« iletexaiaaat 
6§ 
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/••Sr V 
(®a 
.« 8 
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#s 
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¥ 
«(% - H,) 
sb 
11 tM tk® It®# • Qf stt^stitrntiam-aaA fiat tlag 
'•{•i-i«| :mi .fate tli® fsllPiiiag etoatiom .y.«wl.t.s: 
whmm 
Il-gs) 
(1-ii} 
k mimilm fje©©©!®# itppl.t«i'*#,{1-11) ^aiats $m 
taayS-^  . - 'inyU  ^c^ -T-^  S, 
Sg #i»,y-f-ig ©tt«y+-*^  
{B-iQ) 
> Il-Sl) 
^3~ '^(t^r'i^)-
»» »« sf U»fatiiti«i 
'fkm #t««tlsas mm-Mm siiitAl® tm- aia«rt#atl ..©©«p-at»» 
tl#a ©'f tniivli^sl p#iat8,, m€ tb« isttfaet uf «lmtl.-®i a 
partl#ttlay pslmt i« «sB«atl,«llf 
I0 ta« *«!«# 0f s aai @f te f@y tm f®lat t& 
#al@ml»t«€» 
i* e«l€ulate asi hj m-m& ©f Ci»l©|«. 
4. Istlfiat*' tl» mim Y , 'im-m», tto as«l» imrlag 
»lil®li ©m« tmfee eondueta. Talues »i Y ®%'tals«t «xf@Mffliatally 
Wii'pi f©tmi mvj helpful in this ®®«i«@ti,®»« 
i. %» %f % »F th« ms« 9f ll-gsj. 
i* Cftlemlfit* 1 fr«m f.l»Si|.-
t. • 
#3 
f,.. talemlmt® Kj,. Kg, %, Eg,. %, Eg,fey 
a. etleulat®-'%, :$g, % tmm (»-'t0J-aai 
f». §al®ttlat« % %:y th« mm% wt 
M* Caloulat# ly «#«»« ©f 
3.I.# ' • sat toy &t »• i»f fl-iS} iiJiA # 
IM». If ttei W9 «gl#» amt as im faft 
3.1, *«?<• tfc# »mm^ turn wlm* ©f a« estlMitti in part 4. 
wrnm- mTrmt-t Wm almost all, siitlMt## ©f 'Y tlm- tn# 
•aai g will mfft ^b». tM« mm a »«w eetimst# iif Y mmst 
m iKt«, «t f-nrta i» t© l-«» Qarrt«i tlr»^ agala.# 
?M,.« skmti. aii mif#' 
#©Bsl€«irlag' ««#»a«y &f t«fel#8 mwA ©©mfsttlag mMm nm€» 
ot tfe# ets©i« s-^ emii b# «lme«.^ . far 
faft f • rtitw-irt# tfe« W:sa:|t# «fpwr-t §• 
» illasttate t!i# a»« ©£ wi^ei. as applied t& 
©f a. pelat^  tft» was 
JL«©-t«t f»a tli« ©aiaalatlitts m&iLm tm Sil# 
l» m a 0»«, te s S.Q 
t.. « ©,1000 + Jl.iaf,. »g. s ®.1©« • |l*2if 
. $•- % » ®.1001» ».^  « -S*©4t94 + jl.^i 
-§• mmlts nr wns »stia:«t»t m 1# 
•ffe# F«®alts 8f tto» @al^#ttlati«# f»r tWa jpstat aa» 
84 
' »h@m -im fftlil* §• f&# wmimm -&f mm. /3^ wir® m% «t«l 
%mt mmm fsirly #i©«« s© «# Y mm triai that 
©f 9§®» It vmm -fcatm fina pyevlsiis €«le«latl,&a# t&itt If 
^ ^ 0stimm. Qt n" fcat %em tm &1#:» mt 
flat *«8 tM« m&am for tryirg 'T' « 95^» ar«s«it,s tf tfaii 
f*  ^ tS^are rnlm ittewa ta i, 
 ^ p©ia.t mast "bttiesa  ^« MO® 
aat is®# If e.wv@« % aad /^ g «» mssMtA ms 
atral^t' %%m» Bmw tM mm&ll im "Y fwm ts itO®, 
%hm vain® of at mmmiMM ®m hm 
• Simllaif #alcul®t«i ©f Y mmm ofetiiiB«i tm 
0f"« 'fe, m& tlMts® ai?e -preseitttcS ta ?a%X# S. 
^Safel® i #-&»tairi8 mm» -of tfe# valaes- esl:@Miat«i for tlie' special 
@a»«# s«5a.®14t.»4 la • ApfC sat B# /<?«ijr |« 
«al®ml*t«4 $tt«® th# -r«2.m« ©f •'7  ^h»» hmm obtat»#t, "by mstog 
mm Bohea# #f aal©u|atl©tt tm fitel# S* Bimm fm 
tfci# -mAm &f  ^, /| -s tlttoi- /^ 3| » m&y takcm 
as tit«- -"Talai ®f /? • "at-aail.# £)C mf tfets'l« el*.. 
t«is«i W tm mimtim. fi( « /?'. ^ .. *alm«» ©f 
both /$» a»i of mm smm im fabl» «#: 
95 
TABS §• 
Cosiputatloa Of '/ for a = 0.6, b = 5.0 
100° 95° 
Hi -0.6734 -o.egio 
Hg 1.438 
Hs 8,090 8.153 
D -m.8 -136.4 tST'v Ki o*aa4S 0.5539 
Kg •0.E860 —0•1910 
Ks 0.357g C.g727 
E4 "•O • 1479 -0.097g0 
Ks 0.015S3 -0.005965 
Kg 0.4978 0.517 
K? •• -0,,£436 -0.1868 ti" 0.7g0§ 0.69ig 
-0.049S8 -0.01766 
§1 
% • ; 
-1.051 -0.9047 
1.561 1.753 
©3 -1,075 -1.160 
Ml —^.114 -E.178 
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